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Description

[TECHNICAL FIELD]

[0001] The present invention relates to an exhaust emission control system of an internal combustion engine.

[BACKGROUND ART]

[0002] As an exhaust emission control apparatus provided in an exhaust passage of an internal combustion engine,
an exhaust emission control apparatus in which a selective reduction type NOx catalyst (hereinafter referred to as SCR
catalyst) is carried on a filter has been developed (see, for example, Patent Document 1). The filter collects particulate
matter (hereinafter referred to as PM) in exhaust gas. The SCR catalyst reduces NOx in the exhaust gas using ammonia
(NH3) as a reducing agent. Such a filter carrying the SCR catalyst is hereinafter sometimes referred to as SCRF.
[0003] By adopting the SCRF as the exhaust emission control apparatus, it is possible to reduce the size of the exhaust
emission control apparatus compared with when the filter and the SCR catalysis are separately provided in the exhaust
passage. Therefore, it is possible to improve mountability of the exhaust emission control apparatus. Further, by adopting
the SCRF, it is possible to dispose the SCR catalyst further on an upstream side in the exhaust passage. As the SCR
catalyst is disposed further on the upstream side in the exhaust passage, the SCR catalyst is more easily heated by the
heat of the exhaust gas. Therefore, it is possible to attain improvement of warming-up properties of the SCR catalyst
and improvement of an NOx removal rate in the SCR catalyst.
[0004] The collected PM deposits on the SCRF. Therefore, filter regeneration treatment is executed in the exhaust
emission control system including the SCRF. The filter regeneration treatment is treatment for oxidizing the PM deposited
on the SCRF and removing the PM. The filter regeneration treatment is realized by supplying fuel (HC) to a first stage
catalyst, which is a catalyst provided in the exhaust passage upstream of the SCRF and having an oxidation function.
When the fuel is oxidized in the first stage catalyst, the exhaust gas flowing into the SCRF is heated by oxidation heat.
Therefore, it is possible to increase the temperature of the SCRF to a filter regeneration temperature at which the
oxidation of the PM is facilitated.
[0005] Note that it is known that an HC adding valve for adding the HC and a urea adding valve for adding urea water
are provided in the exhaust passage upstream of the SCR catalyst and, when a urea water amount necessary for
removing the NOx by the SCR catalyst exceeds a predetermined upper limit amount, the HC is supplied in addition to
the supply of the urea water (see, for example, Patent Document 2).
[0006] Incidentally, in the exhaust emission control system including the SCRF, when the filter regeneration treatment
is carried out, a large amount of the HC is supplied to the first stage catalyst. In the conventional exhaust emission
control system in which the SCR catalyst is provided downstream of the filter, most of the HC is oxidized in the first stage
catalyst and the filter during the filter regeneration treatment. Therefore, an amount of the HC flowing into the SCR
catalyst is relatively small. However, since only the first stage catalyst is present upstream of the SCRF, it is likely that
the HC not fully oxidized by the first stage catalyst flows into the SCRF. When the HC flows into the SCRF, a part of the
HC reduces the NOx. Therefore, when ammonia is supplied on the basis of an amount of the NOx flowing into the SCRF,
the ammonia is oversupplied by an amount of the NOx reduced by the HC. That is, the ammonia more than necessary
for reducing the NOx is supplied. Since the excess ammonia flows out from the SCRF, it is likely that the ammonia is
wasted.

[PRIOR ART REFERENCES]

[PATENT LITERATURES]

[0007]

Patent Document 1: Japanese Translation of PCT Application No. 2007-501353
Patent Document 2: Japanese Patent Application Laid-Open No. 2008-157188. Document US20100300078 shows
all the features of the preamble of claim 1.

[SUMMARY OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0008] The present invention has been devised in view of the above problems and it is an obj ect of the present
invention to suppress ammonia from flowing out during regeneration treatment of a filter carrying an SCR catalyst.
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[MEANS FOR SOLVING THE PROBLEMS]

[0009] In order to attain the object, an exhaust emission control system of an internal combustion engine according
to the present invention includes: a first stage catalyst provided in an exhaust passage of an internal combustion engine
and having an oxidation function; a fuel supply device configured to supply fuel to the first stage catalyst; a filter provided
in the exhaust passage downstream of the first stage catalyst and configured to collect particulate matter in exhaust
gas, the filter carrying a selective reduction type NOx catalyst that reduces NOx in the exhaust gas using ammonia as
a reducing agent; an ammonia supply device configured to supply ammonia or a precursor of the ammonia to the filter;
a filter-regeneration-treatment executing unit configured to execute filter regeneration treatment for supplying the fuel
from the fuel supply device to the first stage catalyst to raise temperature of the filter to a predetermined filter regeneration
temperature, at which oxidation of the particulate matter is facilitated, to thereby oxidize and remove the particulate
matter deposited on the filter; and a control unit configured to supply, when the filter regeneration treatment is not
executed, the ammonia or the precursor of the ammonia in an amount corresponding to an amount of the NOx emitted
from the internal combustion engine using the ammonia supply device, and to supply, when the filter regeneration
treatment is executed, the ammonia or the precursor of the ammonia in an amount corresponding to an amount of the
NOx obtained by subtracting, from the amount of the NOx emitted from the internal combustion engine, an amount of
the NOx reduced by the fuel which is supplied by the fuel supply device and passes through the first stage catalyst.
[0010] In the exhaust emission control system of an internal combustion engine according to the present invention,
the first stage catalyst and the SCRF are provided in order from an upstream side in the exhaust passage of the internal
combustion engine. The ammonia or the precursor of the ammonia is supplied to the SCRF from the ammonia supply
device. In the SCR catalyst carried on the SCRF, the NOx in the exhaust gas is reduced using, as the reducing agent,
the supplied ammonia or ammonia generated from the supplied precursor of the ammonia. Since the fuel is supplied
from the fuel supply device to the first stage catalyst, the filter regeneration treatment for removing the PM deposited
on the SCRF is executed.
[0011] When the filter regeneration treatment is executed, the HC passed through the first stage catalyst without being
oxidized in the first stage catalyst flows into the SCRF. The HC flowing into the SCRF in this way serves as the reducing
agent that reduces the NOx.
[0012] In the present invention, when the filter regeneration treatment is executed, an amount of the ammonia or the
precursor of the ammonia supplied from the ammonia supply device is reduced by an amount of the NOx reduced by
the HC. When the filter regeneration treatment is not executed, since the NOx is hardly reduced by the HC, if the ammonia
is supplied according to the amount of the NOx emitted from the internal combustion engine, it is possible to suppress
excess or shortage f romoccurring in an amount of the reducing agent. On the other hand, when the filter regeneration
treatment is executed, the NOx emitted from the internal combustion engine is reduced by the HC and the ammonia.
Therefore, if the amount of the NOx reduced by the HC is subtracted from the amount of the NOx emitted from the
internal combustion engine and the ammonia is supplied according to the remaining amount of the NOx, it is possible
to suppress excess or shortage from occurring in the amount of the reducing agent. In this way, since excess or shortage
does not occur in the amount of the reducing agent in the SCRF, it is possible to suppress the ammonia from flowing
out from the SCRF.
[0013] In the present invention, when the filter regeneration treatment is executed, the control unit can change the
amount of the ammonia or the precursor of the ammonia supplied by the ammonia supply device, on the basis of the
temperature of the filter.
[0014] Since an amount of the ammonia reacting in the SCR catalyst changes according to the temperature of the
filter, if the amount of the supplied ammonia is changed according to the temperature of the filter, it is possible to suppress
excess or shortage from occurring in the amount of the reducing agent.
[0015] In the present invention, when the filter regeneration treatment is executed, the control unit can change the
amount of the ammonia or the precursor of the ammonia supplied by the ammonia supply device, on the basis of an
amount of moisture in the exhaust gas flowing into the filter.
[0016] Since the amount of the ammonia reacting in the SCR catalyst changes according to the amount of moisture
in the exhaust gas flowing into the filter, if the amount of the supplied ammonia is changed according to the amount of
moisture in the exhaust gas flowing into the filter, it is possible to suppress excess or shortage from occurring in the
amount of the reducing agent.

[EFFECT OF THE INVENTION]

[0017] According to the present invention, it is possible to suppress the ammonia from flowing out during the regen-
eration treatment of the filter carrying the SCR catalyst.
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[BRIEF DESCRIPTION OF THE DRAWINGS]

[0018]

Fig. 1 is a diagram showing the schematic configuration of an air intake and exhaust system of an internal combustion
engine according to an embodiment.
Fig. 2 is a time chart showing transition of the temperature of an SCR catalyst, an amount of HC flowing into an
SCRF (an HC inflow amount), an amount of NOx flowing into or flowing out from the SCRF, an ammonia supply
amount from an ammonia adding valve, and an amount of ammonia flowing out from the SCRF (an ammonia outflow
amount) from before filter regeneration treatment is executed to after the filter regeneration treatment is completed.
Fig. 3 is a diagram showing relations between the temperature of the SCR catalyst and an NOx removal rate by the
HC respectively concerning a case in which moisture is included in exhaust gas and a case in which moisture is not
included in the exhaust gas.
Fig. 4 is a block diagram in determining an ammonia supply amount Qred from the ammonia adding valve during
execution of the filter regeneration treatment.
Fig. 5 is a diagram showing a relation between Gegr/(Ga+Gf) and an amount of moisture Oh2oi already included
before burning in a cylinder of the internal combustion engine.
Fig. 6 is a diagram showing a relation between an air-fuel ratio (Ga/Gf) and an amount of moisture Qh2oc generated
by the burning in the cylinder of the internal combustion engine.
Fig. 7 is a diagram showing a relation between a fuel amount Gf and the amount of moisture Qh2oc generated by
the burning in the cylinder of the internal combustion engine.
Fig. 8 is a diagram showing a relation between a fuel supply amount Qadd from a fuel adding valve and an amount
of moisture Qheoe generated in a first stage catalyst.
Fig. 9 is a diagram showing a relation between a first stage catalyst temperature Tdoc and the amount of moisture
Qheoe generated in the first stage catalyst.
Fig. 10 is a flowchart for explaining a flow of filter regeneration treatment according to the embodiment.

[MODES FOR CARRYING OUT THE INVENTION]

[0019] A mode for carrying out the present invention is illustratively explained in detail below on the basis of embod-
iments with reference to the drawings. However, dimensions, materials, shapes, relative arrangement, and the like of
components described in the embodiments are not meant to limit the scope of the present invention only thereto unless
specifically described otherwise.

<First Embodiment>

[0020] In a first embodiment, an exhaust emission control system of an internal combustion engine according to the
present invention is applied to a diesel engine for vehicle driving. However, the internal combustion engine according
to the present invention is not limited to the diesel engine and may be a gasoline engine or the like.
[0021] Fig. 1 is a diagram showing the schematic configuration of an intake and exhaust system of the internal com-
bustion engine according to this embodiment. An internal combustion engine 1 is a diesel engine for vehicle driving. An
intake passage 2 and an exhaust passage 3 are connected to the internal combustion engine 1. In the intake passage
2, an airflow meter 11 and a throttle valve 9 are provided. The airflow meter 11 detects an intake air amount of the
internal combustion engine 1. The throttle valve 9 adjusts the intake air amount of the internal combustion engine 1.
[0022] In the exhaust passage 3, a first exhaust gas temperature sensor 12, a fuel adding valve 4, a first stage catalyst
5, a first NOx sensor 13, a second exhaust gas temperature sensor 14, an ammonia adding valve 6, an SCRF 7, a
second stage catalyst 8, and a second NOx sensor 15 are provided in order from an upstream side along a flow of
exhaust gas.
[0023] The first stage catalyst 5 is an oxidation catalyst. However, the first stage catalyst 5 may be a catalyst other
than the oxidation catalyst as long as the catalyst is a catalyst having an oxidation function. The fuel adding valve 4 adds
fuel (HC) in the exhaust gas in order to supply the fuel to the first stage catalyst 5.
[0024] Note that, in this embodiment, the fuel adding valve 4 is equivalent to the fuel supply device according to the
present invention. However, it is also possible to supply the fuel to the first stage catalyst 5 by, without providing the fuel
adding valve 4, executing sub-injection at timing when jetted fuel is discharged to the exhaust passage 3 in an un-burnt
state without being burnt in the internal combustion engine 1.
[0025] The SCRF 7 is configured with an SCR catalyst 7a carried on a wall-flow type filter that collects PM in the
exhaust gas. The SCR catalyst 7a reduces NOx in the exhaust air using ammonia as a reducing agent. The ammonia
adding valve 6 adds an ammonia gas in the exhaust gas in order to supply the ammonia to the SCRF 7. When the
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ammonia is supplied to the SCRF 7, the ammonia once adheres to the SCR catalyst 7a carried on the SCRF 7. The
NOx in the exhaust gas is reduced by the adhering ammonia functioning as the reducing agent.
[0026] Note that, in this embodiment, the ammonia adding valve 6 is equivalent to the ammonia supply device according
to the present invention. However, the ammonia supply device according to the present invention maybe a device that
supplies the ammonia as liquid or solid. The ammonia supply device according to the present invention may be a device
that supplies a precursor of the ammonia. For example, in this embodiment, a urea adding valve that adds a urea water
solution in the exhaust gas may be provided instead of the ammonia adding valve 6. In this case, urea serving as the
precursor of the ammonia is supplied to the SCRF 7. The urea undergoes hydrolysis, whereby the ammonia is generated.
[0027] The second stage catalyst 8 is an oxidation catalyst. However, the second stage catalyst 8 may be other
catalysts having the oxidation function. The second stage catalyst 8 oxidizes the HC, CO, and the ammonia in the
exhaust gas. Note that, in this embodiment, the second stage catalyst 8 is not always necessary.
[0028] The first exhaust gas temperature sensor 12 and the second exhaust gas temperature sensor 14 are sensors
that detect the temperature of the exhaust gas. The first exhaust gas temperature sensor 12 detects the temperature of
the exhaust gas flowing out from the internal combustion engine 1 or the temperature of the exhaust gas flowing into
the first stage catalyst 5. The second exhaust gas temperature sensor 14 detects the temperature of the exhaust gas
flowing out from the first stage catalyst 5 or the temperature of the exhaust gas flowing into the SCRF 7. The first NOx
sensor 13 and the second NOx sensor 15 are sensors that detect the concentration of the NOx in the exhaust gas. The
first NOx sensor 13 detects the concentration of the NOx in the exhaust gas flowing into the SCRF 7. The second NOx
sensor 15 detects the concentration of the NOx in the exhaust gas flowing out from the second stage catalyst 8.
[0029] One end of an EGR passage 16 is connected to the upstream side of the fuel adding valve 4 in the exhaust
passage 3. The other end of the EGR passage 16 is connected to the downstream side of the throttle valve 9 in the
intake passage 2. An EGR valve 17 is provided in the EGR passage 16.
[0030] With such a configuration, a part of the exhaust gas emitted from the internal combustion engine 1 is introduced
into the intake passage 2 through the EGR passage 16 as an EGR gas. Consequently, the EGR gas is supplied to the
internal combustion engine 1. A flow rate of the EGR gas introduced into the intake passage 2 through the EGR passage
16 is adjusted by the EGR valve 17. Note that, in this embodiment, the EGR passage 16 and the EGR valve 17 are not
always necessary.
[0031] An electronic control unit (ECU) 10 is juxtaposed with the internal combustion engine 1. Various sensors such
as the airflow meter 11, the first exhaust gas temperature sensor 12, the first NOx sensor 13, the second exhaust gas
temperature sensor 14, and the second NOx sensor 15 are electrically connected to the ECU 10. Output signals of the
various sensors are input to the ECU 10. The ECU 10 estimates a flow rate of the exhaust gas in the exhaust passage
3 on the basis of an output value of the airflow meter 11. The ECU 10 estimates the temperature of the first stage catalyst
5 on the basis of an output value of the first exhaust gas temperature sensor 12 and estimates the temperature of the
SCRF 7 (i.e., the temperature of the SCR catalyst 7a) on the basis of an output value of the second exhaust gas
temperature sensor 14.
[0032] Further, the throttle valve 9, the fuel adding valve 4, the ammonia adding valve 6, and the EGR valve 17 are
electrically connected to the ECU 10. These devices are controlled by the ECU 10.
[0033] Collected PM gradually deposits on the SCRF 7. Therefore, in this embodiment, filter regeneration treatment
for removing the PM deposited on the SCRF 7 is executed by the ECU 10. The filter regeneration treatment according
to this embodiment is realized by adding the fuel from the fuel adding valve 4 to thereby supply the fuel to the first stage
catalyst 5. Note that the ECU 10 that executes the filter regeneration treatment in this embodiment is equivalent to the
filter-regeneration-treatment executing unit in the present invention.
[0034] When the fuel is oxidized in the first stage catalyst 5, oxidation heat is generated. The exhaust gas flowing into
the SCRF 7 is heated by the oxidation heat. Consequently, the temperature of the SCRF 7 rises. During the execution
of the filter regeneration treatment, a fuel addition amount from the fuel adding valve 4 is controlled to raise the temperature
of the SCRF 7 to a predetermined filter regeneration temperature (e.g., 600 to 650°C) at which the oxidation of the PM
is facilitated. As a result, the PM deposited on the SCRF 7 is oxidized and removed.
[0035] In this embodiment, the execution of the filter regeneration treatment is requested every time a predetermined
time elapses after the execution of the last filter regeneration treatment ends. Note that the execution of the filter regen-
eration treatment may be requested every time a vehicle mounted with the internal combustion engine 1 travels a
predetermined travel distance. The execution of the filter regeneration treatment may be requested every time a PM
deposit amount in the SCRF 7 reaches a predetermined deposit amount. The PM deposit amount in the SCRF 7 can
be estimated on the basis of histories of a fuel injection amount in the internal combustion engine 1, a flow rate of the
exhaust gas flowing into the SCRF 7, the temperature of the SCRF 7, and the like.
[0036] During the execution of the filter regeneration treatment, a part of the HC included in the fuel supplied to the
first stage catalyst 5 is sometimes not oxidized in the first stage catalyst 5 and passes through the first stage catalyst 5.
The HC passed through the first stage catalyst 5 flows into the SCRF 7. The HC flowed into the SCRF 7 serves as a
reducing agent that reduces the NOx in the SCR catalyst 7a.
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[0037] Incidentally, even during the execution of the filter regeneration treatment, the ammonia is added from the
ammonia adding valve 6 in order to reduce the NOx. During the execution of the filter regeneration treatment, even if
the ammonia is absorbed by the SCR catalyst 7a, since temperature is high, the ammonia immediately desorbs. Therefore,
an amount of the ammonia added from the ammonia adding valve 6 is an amount that does not cause excess or shortage
with respect to an amount necessary for reduction of the NOx.
[0038] When the filter regeneration treatment is not executed, the ammonia only has to be added from the ammonia
adding valve 6 according to an amount of the NOx emitted from the internal combustion engine 1 or an amount of the
NOx flowing into the SCRF 7. That is, if an amount of the ammonia necessary for reducing the NOx emitted from the
internal combustion engine 1 is supplied, an amount of the ammonia consumed in the SCR catalyst 7a and an amount
of the supplied ammonia are balanced. Therefore, it is possible to suppress excess or shortage from occurring in an
amount of the ammonia in the SCR catalyst 7a. Note that the amount of the NOx emitted from the internal combustion
engine 1 can be estimated on the basis of engine speed and an engine load. The amount of the NOx emitted from the
internal combustion engine 1 can also be calculated on the basis of a detection value of the first NOx sensor 13 and a
flow rate of the exhaust gas estimated from an intake air amount detected by the airflow meter 11. Note that the amount
of the NOx discharged from the internal combustion engine 1 may be equal to the amount of the NOx flowing into the
SCR catalyst 7a.
[0039] On the other hand, when the filter regeneration treatment is executed, the NOx is also reduced in the SCR
catalyst 7a by the HC added from the fuel adding valve 4 and not oxidized in the first stage catalyst 5. Therefore, if the
ammonia is added from the ammonia adding valve 6 not to cause excess or shortage with respect to the amount of the
NOx emitted from the internal combustion engine 1 or the amount of the NOx flowing into the SCRF 7, the ammonia is
oversupplied by the amount of the NOx reduced by the HC. The oversupplied ammonia desorbs from the SCR catalyst
7a because the temperature of the SCR catalyst 7a is high and flows out from the SCRF 7. Thereafter, it is possible to
cause the ammonia to react in the second stage catalyst 8. However, the ammonia is uselessly consumed.
[0040] Therefore, in this embodiment, when the filter regeneration treatment is executed, the ammonia is supplied
from the ammonia adding valve 6 according to an amount of the NOx determined by subtracting the amount of the NOx
reduced by the HC from the amount of the NOx emitted from the internal combustion engine 1 or the amount of the NOx
flowing into the SCRF 7. Note that an ammonia supply amount from the ammonia adding valve 6 may be calculated by
subtracting an ammonia amount necessary for reducing the NOx reduced by the HC from an ammonia amount necessary
for reducing all the NOx emitted from the internal combustion engine 1 or the NOx flowing into the SCRF 7.
[0041] Fig. 2 is a time chart showing transition of the temperature of the SCRF 7 (or the SCR catalyst 7a), an amount
of the HC flowing into the SCRF 7 (an HC inflow amount), an amount of the NOx flowing into or flowing out from the
SCRF 7, an ammonia supply amount from the ammonia adding valve 6, and an amount of the ammonia flowing out
from the SCRF 7 (an ammonia outflow amount) from before filter regeneration treatment is executed to after the filter
regeneration treatment is completed. Solid lines indicate a case in which the ammonia supply amount is reduced taking
into account the amount of the NOx reduced by the HC. Broken lines indicate a case in which the ammonia supply
amount is determined according to the amount of the NOx emitted from the internal combustion engine 1. That is, the
broken lines indicate a case in which the ammonia supply amount is determined without taking into account the amount
of the NOx reduced by the HC. At a point in time T1, the filter regeneration treatment is started. At a point in time T2,
the temperature of the SCRF reaches the predetermined filter regeneration temperature, which is temperature at which
oxidation of the PM is facilitated. When the filter regeneration treatment is executed, the ECU 10 adjusts a fuel addition
amount from the fuel adding valve 4 such that the temperature of the SCRF 7 maintains the predetermined filter regen-
eration temperature. At a point in time T3, the filter regeneration treatment ends. In a period of T2 to T3, the PM is
oxidized and removed.
[0042] In a period of T1 to T3, since a large amount of the fuel is added from the fuel adding valve 4, an HC inflow
amount increases. At this point, the amount of the NOx flowing into the SCRF 7 is the same in the case of the solid line
and the case of the broken line. Note that the amount of the NOx flowing out from the SCRF 7 is smaller in the case of
the broken line than in the case of the solid line because the NOx removal rate is high because the reducing agent is
excessively present. However, in this state, the ammonia supply amount from the ammonia adding valve 6 and the
ammonia supply amount flowing out from the SCRF 7 increase and the ammonia is uselessly supplied. On the other
hand, in the case of the solid line, it is possible to suppress the NOx and the ammonia from flowing out from the SCRF
7. The ammonia supply amount from the ammonia adding valve 6 is smaller in the case of the solid line than in the case
of the broken line. Therefore, it is possible to reduce a consumed amount of the ammonia.
[0043] The amount of the HC flowing into the SCRF 7 is related to the temperature of the first stage catalyst 5 and
the fuel addition amount from the fuel adding valve 4. Therefore, a relation between the HC amount and the temperature
and the fuel addition amount is calculated by an experiment or a simulation and stored in the ECU 10 in advance. Then,
the amount of the HC flowing into the SCRF 7 can be calculated on the basis of the temperature of the first stage catalyst
5 and the fuel addition amount from the fuel adding valve 4.
[0044] Not all of the HC flowing into the SCRF 7 reduces the NOx. The NOx removal rate by the HC changes according
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to a type of the SCR catalyst 7a, an amount of moisture in the exhaust gas, and the temperature of the SCR catalyst
7a. Fig. 3 is a diagram showing a relation between the temperature of the SCR catalyst 7a and the NOx removal rate
by the HC concerning each of a case in which moisture is included in the exhaust gas (a solid line) and a case in which
moisture is not included in the exhaust gas (a broken line). This relation changes according to a type of the SCR catalyst 7a.
[0045] In this way, the NOx removal rate by the HC changes according to presence or absence of moisture and the
temperature of the SCR catalyst 7a. Therefore, in this embodiment, the amount of the NOx reduced by the HC is corrected
according to the amount of moisture in the exhaust gas and the temperature of the SCR catalyst 7a. Note that the amount
of moisture in the exhaust gas can be calculated from an amount of the fuel supplied to the internal combustion engine
1, an intake air amount of the internal combustion engine 1, an EGR gas amount, and the like. In this way, the amount
of the NOx reduced by the HC is more accurately calculated. Consequently, it is possible to more accurately calculate
a necessary ammonia amount.
[0046] Fig. 4 is a block diagram in determining an ammonia supply amount Qred from the ammonia adding valve 6
during the execution of the filter regeneration treatment.
[0047] When the execution of the filter regeneration treatment is requested, in 101, a target SCRF temperature Ttrg,
which is temperature at which oxidation of the PM is facilitated, is set. In 102, the temperature of the SCRF 7 at the
present point (an SCRF temperature Tscrf) is estimated. Note that the target SCRF temperature Ttrg is the predetermined
filter regeneration temperature (e.g., 600 to 650°C) and is set in advance. The SCRF temperature Tscrf is estimated on
the basis of a detection value of the second exhaust gas temperature sensor 14 and an intake air amount Ga detected
by the airflow meter 11. In 103, a fuel supply amount Qadd necessary for raising the temperature of the SCRF 7 to the
target SCRF temperature Ttrg is calculated. The fuel supply amount Qadd is calculated on the basis of the temperature
of the SCRF 7 at the present point (the SCRF temperature Tscrf) and the target SCRF temperature Ttrg. A map or a
formula for calculating the fuel supply amount Qaddmaybe calculated from the SCRFtemperature Tscrf and the target
SCRF temperature Ttrg and stored in the ECU 10.
[0048] In 104, the amount of the HC flowing into the SCRF 7 (an HC inflow amount Qhc) is calculated on the basis of
the fuel supply amount Qadd and the temperature of the first stage catalyst 5 (a first stage catalyst temperature Tdoc).
The temperature of the first stage catalyst 5 changes according to fuel addition. Since the HC inflow amount Qhc changes
according to the temperature of the first stage catalyst 5 (the first stage catalyst temperature Tdoc), when the HC inflow
amount Qhc is calculated, the first stage catalyst temperature Tdoc is taken into account. The first stage catalyst tem-
perature Tdoc changes according to a detection value of the first exhaust gas temperature sensor 12, the intake air
amount Ga obtained by the airflow meter 11, a fuel amount Gf supplied into the cylinder of the internal combustion
engine 1, and the fuel supply amount Qadd from the fuel adding valve 4. Therefore, in 105, the first stage catalyst
temperature Tdoc is calculated on the basis of the detection value of the first exhaust gas temperature sensor 12, the
intake air amount Ga obtained by the airflow meter 11, the fuel amount Gf supplied into the cylinder of the internal
combustion engine 1, and the fuel supply amount Qadd from the fuel adding valve 4. A map or a formula for calculating
the first stage catalyst temperature Tdoc may be calculated and stored in the ECU 10 in advance. A map or a formula
for calculating the HC inflow amount Qhc may be calculated from the fuel supply amount Qadd and the first stage catalyst
temperature Tdoc and stored in the ECU 10.
[0049] In 106, the amount of the NOx reduced by the HC in the SCRF 7 (an NOx reduction amount Rnox) is calculated
on the basis of the amount of the NOx flowing into the SCRF 7 (an NOx inflow amount Gnox), the SCRF temperature
Tscrf, the first stage catalyst temperature Tdoc, the HC inflow amount Qhc, and an amount of moisture Qh2o in the
exhaust gas. In 107, the NOx inflow amount Gnox is calculated from NOx concentration in the exhaust gas flowing into
the SCRF 7 obtained by the first NOx sensor 13, the intake air amount Ga obtained by the airflow meter 11, and the fuel
amount Gf supplied into the cylinder of the internal combustion engine 1. Even if the NOx inflow amount Gnox increases,
the NOx removal rate by the HC hardly changes. Therefore, the NOx reduction amount Rnox increases. That is, the
NOx reduction amount Rnox changes according to the NOx inflow amount Gnox. The NOx removal rate by the HC
changes according to the SCRF temperature Tscrf. That is, the NOx reduction amount Rnox changes according to the
SCRF temperature Tscrf. As the HC inflow amount Qhc is larger, the NOx reduction amount Rnox is larger. The NOx
reduction amount Rnox changes according to the amount of moisture in the exhaust gas and the first stage catalyst
temperature Tdoc. The change in the NOx reduction amount Rnox is explained below. A relation among the NOx inflow
amount Gnox, the SCRF temperature Tscrf, the first stage catalyst temperature Tdoc, the HC inflow amount Qhc, the
amount of moisture Qh2o in the exhaust gas, and the NOx reduction amount Rnox is calculated by an experiment, a
simulation, or the like and stored in the ECU 10 in advance.
[0050] In 108, the ammonia supply amount Qred from the ammonia adding valve 6 is calculated. The ammonia supply
amount Qred calculated in 108 is an ammonia supply amount calculated not taking into account the NOx by the HC and
is an ammonia supply amount before correction. When the filter regeneration treatment is not executed, the amount of
the ammonia supplied from the ammonia adding valve 6 may be set as the ammonia supply amount Qred calculated in
108. In 108, an ammonia amount for reducing all the NOx flowing into the SCRF 7 is calculated as the ammonia supply
amount Qred on the basis of the NOx inflow amount Gnox. Note that, since the NOx removal rate changes according
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to the SCRF temperature Tscrf, the necessary ammonia amount also changes. Therefore, the ammonia supply amount
Qred may be corrected according to the SCRF temperature Tscrf. A relation between the ammonia supply amount Qred
and the SCRF temperature Tscrf is calculated by an experiment, a simulation, or the like and stored in the ECU 10 in
advance.
[0051] In 109, an ammonia amount corresponding to the NOx reduction amount Rnox is subtracted from the ammonia
supply amount Qred to correct the ammonia supply amount Qred. In 110, a final ammonia supply amount Qred is
determined. The ammonia is supplied from the ammonia adding valve 6 according to the final ammonia supply amount
Qred.
[0052] Note that the NOx reduction amount Rnox in the first stage catalyst 5 changes according to the amount of
moisture Qh2o in the exhaust gas and the first stage catalyst temperature Tdoc. Therefore, the NOx reduction amount
Rnox may be corrected according to the amount of moisture Qh2o in the exhaust gas and the first stage catalyst
temperature Tdoc. The amount of moisture Qh2o in the exhaust gas is calculated on the basis of an amount of moisture
Qh2oi already included before burning in the cylinder of the internal combustion engine 1, an amount of moisture Qh2oc
generated by the burning in the cylinder of the internal combustion engine 1, and an amount of moisture Qheoe generated
in the first stage catalyst 5.
[0053] Note that a reaction described below occurs during the burning of the fuel.

CmHn+(m+n/4) O2→mCO2+(n/2) H20 (Expression 1)

[0054] The amount of moisture Qh2oi already included before the burning in the cylinder of the internal combustion
engine 1 can be calculated from the intake air amount Ga, the fuel amount Gf supplied into the cylinder, an EGR gas
amount Gegr, and a ratio Rhc of H and C of the fuel, and the like. The intake air amount Ga is detected by the airflow
meter 11. The fuel amount Gf and the EGR gas amount Gegr are calculated from an operation state of the internal
combustion engine 1 and a map stored in the ECU 10. The ratio Rhc of H and C of the fuel is a value (n/m) obtained by
dividing n by m of the above Expression 1. A ratio of H and C of fuel assumed to be supplied is stored in the ECU 10 in
advance.
[0055] For example, Fig. 5 is a diagram showing a relation between Gegr/ (Ga+Gf) and the amount of moisture Qh2oi
already included before the burning in the cylinder of the internal combustion engine 1. The abscissa indicates a value
obtained by dividing the EGR gas amount Gegr by a total value of the intake air amount Ga and the fuel amount Gf. As
the EGR gas amount Gegr is larger, the amount of moisture Qh2oi already included before the burning in the cylinder
of the internal combustion engine 1 is larger. That is, the amount of moisture Qh2oi already included before the burning
in the cylinder of the internal combustion engine 1 can also be calculated on the basis of the intake air amount Ga, the
fuel amount Gf supplied into the cylinder, and the EGR gas amount Gegr and on the basis of the relation shown in Fig.
5. A map or a formula for calculating the amount of moisture Oh2oi already included before the burning in the cylinder
of the internal combustion engine 1 is calculated by an experiment or a simulation and stored in the ECU 10 in advance.
[0056] The amount of moisture Qh2oc generated by the burning in the cylinder of the internal combustion engine 1
can be calculated from the intake air amount Ga, the fuel amount Gf supplied into the cylinder, the ratio Rhc of H and
C of the fuel, and the like.
[0057] For example, Fig. 6 is a diagram showing a relation between an air-fuel ratio (Ga/Gf) and the amount of moisture
Qh2oc generated by the burning in the cylinder of the internal combustion engine 1. As the fuel amount Gf is larger, the
amount of moisture Qh2oc generated by the burning in the cylinder of the internal combustion engine 1 is larger. Fig. 7
is a diagram showing a relation between the fuel amount Gf and the amount of moisture Qh2oc generated by the burning
in the cylinder of the internal combustion engine 1. As the fuel amount Gf is larger, the amount of moisture Qh2oc
generated by the burning in the cylinder of the internal combustion engine 1 is larger. In this way, the amount of moisture
Qh2oc generated by the burning in the cylinder of the internal combustion engine 1 can also be calculated on the basis
of the relation shown in Fig. 6 or Fig. 7. A map or a formula for calculating the amount of moisture Qh2oc generated by
the burning in the cylinder of the internal combustion engine 1 is calculated by an experiment or a simulation and stored
in the ECU 10 in advance.
[0058] The amount of moisture Qheoe generated in the first stage catalyst 5 can be calculated from the first stage
catalyst temperature Tdoc, the fuel supply amount Qadd from the fuel adding valve 4, the ratio Rhc of H and C of the
fuel, a flow rate of the exhaust gas, and the like. Note that the flow rate of the exhaust gas is calculated on the basis of
the intake air amount Ga, the fuel amount Gf supplied into the cylinder, and the EGR gas amount Gegr.
[0059] For example, Fig. 8 is a diagram showing a relation between the fuel supply amount Qadd from the fuel adding
valve 4 and the amount of moisture Qheoe generated in the first stage catalyst 5. As the fuel supply amount Qadd is
larger, the amount of moisture Qheoe generated in the first stage catalyst 5 is larger. Fig. 9 is a diagram showing a
relation between the first stage catalyst temperature Tdoc and the amount of moisture Qheoe generated in the first stage
catalyst 5. As the first stage catalyst temperature Tdoc is larger, the amount of moisture Qheoe generated in the first
stage catalyst 5 is larger. In this way, the amount of moisture Qheoe generated in the first stage catalyst 5 can also be
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calculated on the basis of the relation shown in Fig. 8 or Fig. 9. A map or a formula for calculating the amount of moisture
Qheoe generated in the first stage catalyst 5 is calculated by an experiment or a simulation and stored in the ECU 10
in advance.
[0060] The amount of moisture Qh2o in the exhaust gas can be calculated by adding up the amount of moisture Qh2oi
already included before the burning in the cylinder of the internal combustion engine 1, the amount of moisture Qh2oc
generated by the burning in the cylinder of the internal combustion engine 1, and the amount of moisture Qheoe generated
in the first stage catalyst 5. Note that an amount of moisture may be converted into volume concentration and used
according to necessity.
[0061] A flow of the filter regeneration treatment according to this embodiment is explained with reference to Fig. 10.
Fig. 10 is a flowchart for explaining a flow of the filter regeneration treatment according to this embodiment. This flow is
stored in the ECU 10 in advance and repeatedly executed by the ECU 10. Note that, in this embodiment, the ECU 10
that executes the flow shown in Fig. 10 is equivalent to the control unit in the present invention.
[0062] In step S201, it is determined whether execution of the filter regeneration treatment is requested. For example,
the execution of the filter regeneration treatment is requested every time the predetermined time elapses after the
execution of the last filter regeneration treatment ends. The execution of the filter regeneration treatment may be requested
every time the vehicle mounted with the internal combustion engine 1 travels the predetermined travel distance. The
execution of the filter regeneration treatment may be requested every time the PM deposit amount in the SCRF 7 reaches
the predetermined deposit amount. When positive determination is made in step S201, the processing proceeds to step
S202. On the other hand, when negative determination is made in step S201, this routine is finished. Note that, when
the negative determination is made in step S201, the filter regeneration treatment is not carried out. Therefore, an amount
of the ammonia supplied from the ammonia adding valve 6 is determined according to the amount of the NOx emitted
from the internal combustion engine 1 or the amount of NOx flowing into the SCRF 7.
[0063] In step S202, the fuel supply amount Qadd from the fuel adding valve 4 is calculated on the basis of the SCRF
temperature Tscrf and the target SCRF temperature Ttrg. The fuel supply amount Qadd is a fuel amount necessary for
raising the temperature of the SCRF 7 to the predetermined filter regeneration temperature at which oxidation of the PM
is facilitated.
[0064] In step S203, the amount of the HC flowing into the SCRF 7 (the HC inflow amount Qhc) is calculated on the
basis of the first stage catalyst temperature Tdoc and the fuel supply amount Qadd.
[0065] In step S204, the amount of moisture Qh2o in the exhaust gas is calculated on the basis of the fuel amount
Gf, the intake air amount Ga, the EGR gas amount Gegr, and the like.
[0066] In step S205, the amount of the NOx flowing into the SCRF 7 (the NOx inflow amount Gnox) is calculated on
the basis of the NOx concentration in the exhaust gas flowing into the SCRF 7, the intake air amount Ga, and the fuel
amount Gf.
[0067] In step S206, the NOx reduction amount Rnox is calculated on the basis of the NOx inflow amount Gnox, the
SCRF temperature Tscrf, the first stage catalyst temperature Tdoc, the HC inflow amount Qhc, and the amount of
moisture Qh2o in the exhaust gas.
[0068] In step S207, the amount of the ammonia added from the ammonia adding valve 6 (the ammonia supply amount
Qred) is calculated on the basis of the NOx inflow amount Gnox and the SCRF temperature Tscrf. Note that, since the
removal rate of the NOx changes according to the SCRF temperature Tscrf, the necessary ammonia amount also
changes. Therefore, the ammonia supply amount Qred is calculated taking into account not only the NOx inflow amount
Gnox but also the SCRF temperature Tscrf. A relation between the ammonia supply amount Qred and the NOx inflow
amount Gnox and the SCRF temperature Tscrf is calculated by an experiment, a simulation, or the like and stored in
the ECU 10 in advance.
[0069] In step S208, the ammonia supply amount Qred is corrected on the basis of the NOx reduction amount Rnox
by the HC. That is, since the ammonia is unnecessary by the amount of the NOx reduced by the HC, an amount of the
ammonia corresponding to the NOx reduction amount Rnox by the HC is subtracted from the ammonia supply amount
Qred.
[0070] Note that, in the flow shown in Fig. 10, the ammonia supply amount Qred is corrected by subtracting the amount
of the ammonia corresponding to the NOx reduction amount Rnox by the HC from the ammonia supply amount Qred.
However, instead, an amount of the ammonia corresponding to the amount of the NOx calculated by subtracting the
NOx reduction amount Rnox by the HC from the NOx inflow amount Gnox may be calculated as the ammonia supply
amount Qred.
[0071] As explained above, according to this embodiment, when the filter regeneration treatment is executed, the
amount of the ammonia supplied from the ammonia adding valve 6 is reduced by the amount of the NOx reduced by
the HC. Therefore, it is possible to suppress the ammonia from being uselessly consumed. It is possible to suppress
the ammonia from flowing out downward of the SCRF 7. The ammonia supply amount is determined taking into account
the temperature of the SCRF 7 or the amount of moisture in the exhaust gas. Consequently, it is possible to further
suppress the ammonia from flowing out downstream of the SCRF 7.
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[EXPLANATION OF REFERENCE NUMERALS AND CHARACTERS]

[0072]

1 Internal combustion engine
2 Intake passage
3 Exhaust passage
4 Fuel adding valve
5 First stage catalyst
6 Ammonia adding valve
7 SCRF
7a Selective reduction type NOx catalyst (SCR catalyst)
8 Second stage catalyst
9 Throttle valve
10 ECU
11 Airflow meter
12 First exhaust gas temperature sensor
13 First NOx sensor
14 Second exhaust gas temperature sensor
15 Second NOx sensor
16 EGR passage
17 EGR valve

Claims

1. An exhaust emission control system of an internal combustion engine, comprising:

a first stage catalyst (5) provided in an exhaust passage of an internal combustion engine and having an oxidation
function;
a fuel supply device (4) configured to supply fuel to the first stage catalyst;
a filter (7) provided in the exhaust passage downstream of the first stage catalyst and configured to collect
particulate matter in exhaust gas, the filter carrying a selective reduction type NOx catalyst (7a) that reduces
NOx in the exhaust gas using ammonia as a reducing agent;
an ammonia supply device (6) configured to supply ammonia or a precursor of the ammonia to the filter;
a filter-regeneration-treatment executing unit (10) configured to execute filter regeneration treatment for sup-
plying the fuel from the fuel supply device to the first stage catalyst to raise temperature of the filter to a
predetermined filter regeneration temperature, at which oxidation of the particulate matter is facilitated, to thereby
oxidize and remove the particulate matter deposited on the filter; and
a control unit (10) characterised in that said control unit is to supply, when the filter regeneration treatment is
not executed, the ammonia or the precursor of the ammonia in an amount corresponding to an amount of the
NOx emitted from the internal combustion engine using the ammonia supply device, and to supply, when the
filter regeneration treatment is executed, the ammonia or the precursor of the ammonia in an amount corre-
sponding to an amount of the NOx obtained by subtracting, from the amount of the NOx emitted from the internal
combustion engine, an amount of the NOx reduced by the fuel which is supplied by the fuel supply device and
passes through the first stage catalyst.

2. The exhaust emission control system of an internal combustion engine according to claim 1, wherein, when the filter
regeneration treatment is executed, the control unit changes the amount of the ammonia or the precursor of the
ammonia supplied by the ammonia supply device, on the basis of the temperature of the filter.

3. The exhaust emission control system of an internal combustion engine according to claim 1 or 2, wherein, when
the filter regeneration treatment is executed, the control unit changes the amount of the ammonia or the precursor
of the ammonia supplied by the ammonia supply device, on the basis of an amount of moisture in the exhaust gas
flowing into the filter.
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Patentansprüche

1. Ein Ausstoßemissionssteuerungssystem eines Motors mit interner Verbrennung, aufweisend:

einen Katalysator einer ersten Stufe (5), der in einer Ausstoßleitung eines Motors mit interner Verbrennung
vorgesehen ist, und der eine Oxidationsfunktion aufweist,
eine Kraftstoffzufuhrvorrichtung (4), die dazu konfiguriert ist, den Kraftstoff dem Katalysator der ersten Stufe
zuzuführen,
einen Filter (7), der in der Ausstoßleitung stromabwärts des Katalysators der ersten Stufe vorgesehen ist, und
der dazu konfiguriert ist, eine Partikelmaterie in dem Ausstoßgas zu sammeln, wobei der Filter einen NOx-
Katalysator (7a) vom selektiven Reduktions-Typ trägt, der NOx in dem Ausstoßgas unter Verwenden von Am-
moniak als einem Reduktionsmittel reduziert,
eine Ammoniakzufuhrvorrichtung (6), die dazu konfiguriert ist, Ammoniak oder einen Vorläufer des Ammoniaks
dem Filter zuzuführen,
eine eine Filterregenerationsbehandlung ausführende Einheit (10), die dazu konfiguriert ist, eine Filterregene-
rationsbehandlung zum Zuführen des Kraftstoffs von der Kraftstoffzufuhrvorrichtung zu dem Katalysator der
ersten Stufe auszuführen, um eine Temperatur des Filters zu einer vorab ermittelten Filterregenerationstem-
peratur zu erhöhen, bei welcher eine Oxidation der Partikelmaterie erleichtert wird, um dadurch die an dem
Filter abgelagerte Partikelmaterie zu oxidieren und zu entfernen, und
eine Steuerungseinheit (10), die dadurch gekennzeichnet ist, dass die Steuerungseinheit dann, wenn die
Filterregenerationsbehandlung nicht ausgeführt wird, das Ammoniak oder den Vorläufer des Ammoniaks in
einem Betrag, der einem Betrag des von dem Motor mit interner Verbrennung emittierten NOx entspricht, unter
Verwenden der Ammoniakzufuhrvorrichtung zuführen soll, und dann, wenn die Filterregenerationsbehandlung
ausgeführt wird, das Ammoniak oder den Vorläufer des Ammoniaks in einem Betrag zuführen soll, der einem
Betrag des Ammoniaks entspricht, der erlangt wird, indem von dem Betrag des NOx, der von dem Motor mit
interner Verbrennung emittiert wird, ein Betrag des Ammoniaks subtrahiert wird, der durch den Kraftstoff reduziert
ist, welcher durch die Kraftstoffzufuhrvorrichtung zugeführt wird und durch den Katalysator der ersten Stufe
hindurch strömt.

2. Das Ausstoßemissionssteuerungssystem eines Motors mit interner Verbrennung gemäß dem Anspruch 1, wobei
dann, wenn die Filterregenerationsbehandlung ausgeführt wird, die Steuerungseinheit den Betrag des Ammoniaks
oder des Vorläufers des Ammoniaks, der durch die Ammoniakzufuhrvorrichtung zugeführt wird, auf der Basis der
Temperatur des Filters ändert.

3. Das Ausstoßemissionssteuerungssystem eines Motors mit interner Verbrennung gemäß dem Anspruch 1 oder 2,
wobei dann, wenn die Filterregenerationsbehandlung ausgeführt wird, die Steuerungseinheit den Betrag des Am-
moniaks oder des Vorläufers des Ammoniaks, der durch die Ammoniakzufuhrvorrichtung zugeführt wird, auf der
Basis eines Betrags an Feuchtigkeit in dem in den Filter strömenden Ausstoßgas ändert.

Revendications

1. Système de contrôle d’émission d’échappement d’un moteur à combustion interne, comprenant :

un catalyseur de premier étage (5) prévu dans un passage d’échappement d’un moteur à combustion interne
et ayant une fonction d’oxydation ;
un dispositif d’alimentation en carburant (4) configuré pour fournir du carburant au catalyseur de premier étage ;
un filtre (7) prévu dans le passage d’échappement en aval du catalyseur de premier étage et configuré pour
collecter la matière particulaire présente dans le gaz d’échappement, le filtre supportant un catalyseur de NOx
du type à réduction sélective (7a) qui réduit le NOx présents dans le gaz d’échappement en utilisant l’ammoniac
en tant que réducteur ;
un dispositif de fourniture d’ammoniac (6) configuré pour fournir l’ammoniac ou un précurseur de l’ammoniac
au filtre ;
une unité d’exécution de traitement de régénération de filtre (10) configurée pour exécuter un traitement de
régénération de filtre pour fournir le carburant provenant du dispositif d’alimentation en carburant au catalyseur
de premier étage pour élever la température du filtre à une température de régénération de filtre prédéterminée,
à laquelle l’oxydation de la matière particulaire est facilitée, pour de ce fait oxyder et retirer la matière particulaire
déposée sur le filtre ; et
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une unité de commande (10) caractérisée en ce que ladite unité de commande sert à fournir, lorsque le
traitement de régénération de filtre n’est pas exécuté, l’ammoniac ou le précurseur de l’ammoniac en une
quantité correspondant à une quantité du NOx émis par le moteur à combustion interne en utilisant le dispositif
de fourniture d’ammoniac, et à fournir, lorsque le traitement de régénération de filtre est exécuté, l’ammoniac
ou le précurseur de l’ammoniac en une quantité correspondant à une quantité du NOx obtenue en soustrayant,
de la quantité de NOx émise par le moteur à combustion interne, une quantité du NOx réduite par le carburant
qui est fourni par le dispositif de fourniture de carburant et qui passe à travers le catalyseur de premier étage.

2. Système de contrôle d’émission d’échappement d’un moteur à combustion interne selon la revendication 1, dans
lequel, lorsque le traitement de régénération de filtre est exécuté, l’unité de commande change la quantité d’am-
moniac ou du précurseur de l’ammoniac fournie par le dispositif de fourniture d’ammoniac, sur la base de la tem-
pérature du filtre.

3. Système de contrôle d’émission d’échappement d’un moteur à combustion interne selon la revendication 1 ou 2,
dans lequel, lorsque le traitement de régénération de filtre est exécuté, l’unité de commande change la quantité
d’ammoniac ou du précurseur de l’ammoniac fournie par le dispositif de fourniture d’ammoniac, sur la base d’une
quantité d’humidité dans le gaz d’échappement s’écoulant dans le filtre.
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